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22 ■ Abstract 

> 

Against the conventional picture that the mass matrix forms in the quark sec- 
tors will take somewhat different structures from those in the lepton sectors, a 
possibility that all the mass matrices of quarks and leptons have the same form 
as in the neutrinos is investigated. For the lepton sectors, the model leads 
to a nearly bimaximal mixing with the prediction |£7 e 3| 2 = m e /2m^ = 0.0024 
and tan 2 9 so i ~ m v \jm V 2, and so on. For the quark sectors, it can lead to 



reasonable values of the CKM mixing matrix and masses: \V US \ — y/md/m s , 
\V u b\ - \VcbWm u /m c , \V t d\ ^ \Vcb\ ■ \V US \, and so on. 
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I. MODEL 



Recent neutrino oscillation experiments [1-4] have highly suggested a nearly bimaximal 
mixing (sin 2 26> 12 ~ 1, sin 2 2# 23 ~ 1) together with a small ratio R = Am 2 2 /Am| 3 ~ 1CT 2 . 
On the other hand, we know that the observed quark mixing matrix Vckm is characterized 
by small mixing angles. Thus, the mixing matrices of quarks and leptons are very different 
from each other. Therefore, usually, the following picture is accepted: the mass matrix forms 
in the quark sectors will take somewhat different structures from those in the lepton sectors. 

Against such a conventional picture, we investigate a possibility that all the mass matrices 
of quarks and leptons have the same forms as in the neutrino sector: 



Mf = PlMfPRf , 



1 n ^ 

a f a f 



M f 



a f b f c f 
a f c f b f ) 



(/ = u,d, v,e), 



(1.2) 



where Pf = diag(e l<5 i , e l<5 2 , e lS z), and the mass matrix Mf is invariant under a permu- 
tation symmetry between second and third generations. The mass matrix parameters 
af, bf, and c/ can be expressed in terms of the mass eigenvalues as a/ = ^/m/ 2 m/i/2, 
b f = ("Vs/2) [1 + (m/2 - m/i)/m /3 ], and c f = -(m /3 /2) [1 - (m f2 - m fl )/m f3 ]. 

The mass matrix form (2) was suggested from the neutrino mass matrix form [5] which 
leads to a nearly bimaximal mixing 



U v = 
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(1.3) 



where M V U U = diag(-m jyl , m„ 2 , m^) and 



cos ^ 



m l/2 + to^i 



sin 0„ 



+ m„i 



(1.4) 



Note that the matrix form (1) with (2) is almost invariant under the renormalization 
group equation (RGE) effects, so that we can use the expression (f) with (2) for the predic- 
tions of the physical quantities in the low-energy region, as well as those at the unification 
scale. The zeros in this mass matrix are constrained by a discrete symmetry Z 3 that is 
discussed in Ref. [6], defined at a unification scale (the scale does not always mean "grand 
unification scale"). This discrete symmetry Z 3 is broken below p = M R) at which the right- 
handed neutrinos acquire heavy Majorana masses. Therefore, the matrix form (1) will, in 
general, be changed by the RGE effects. Nevertheless, we can use the expression (f) with 
(2) for the predictions of the physical quantities in the low-energy region, as discussed in 
Ref. [6]. 



II. QUARK MIXING MATRIX 



The quark mass matrices with the form (1) are diagonalized by the bi-unitary trans- 
formation Dj = Ul f M f U Rf , where U Lf = Pl f O f , U Rf = P Rf O f , and O d (O u ) is given 
by 

/ n \ 
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(2.1) 



(For simplicity, hereafter, we will take P R = p£, so that the matrix Mf becomes a symmetric 
matrix. However, this assumption is not essential for the results in the present model.) Then, 
the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix V is given by 

v = ui u u Ld = T u P u P\O d 

( 



u 



c u c d + ps u s d c u s d - ps u c d -as 
s u c d - pc u s d s u s d + pc u c d ac, 
-as d oc d p 

where p and a are defined by 
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V 



(2.2) 



P = \{e** + e*>) , a = l( e «» - e *) . (2.3) 

Here we have put P = P U P\ = diag(e*' 51 , e^ 2 , e^ 3 ), and we have taken <5i = without loss of 
generality. 

From the expression (6), we obtain the phase-parameter independent predictions (the 
3rd generation quark- mass independent predictions [7]) 



Kb| _ s u _ jm u 


\V td \ 




\V cb \ c u V m c ' 


\Vts\ 


- 2 - / 



^ , (2.4) 

which are almost independent of the RGE effects. 

Next let us fix the parameters 63 and 5 2 ■ From the relation 

\V cb \ = sin — — - , (2.5) 

^l + m u /m c z 

and the observed value [8] \V cb \ = 0.0412 ± 0.0020, we obtain 8 3 - 5 2 = 4.59° ± 0.21°. Also, 
from the expression of \V US \, we can obtain the value S 3 + 5 2 = 93° ± 22°. Because of the 
small value sin(5 3 — 5 2 )/2 ~ 0.04, we obtain the following approximate relations 



\V US \ ~ , & , ^ W— , |^d| ^ • IKsl , (2.6) 
V m s y m s 

which are consistent with the present experimental data [8]. 

In the present model, the rephasing invariant Jarlskog parameter J is given by 

J = \cr\ 2 \p\c u s u c d s d sin ^ 3 ^ ^ 2 ~ |Kfc| |Kfc| |Ks| sin ^ 3 (2.7) 

Therefore, the phase factor 5 in the standard expression of F corresponds to 5 ~ 5 3 + 5 2 /2 
in the present model. We predict |J| = (1.91 ± 0.38) x 10~ 5 . 



III. LEPTON MIXING MATRIX 

We assume that the neutrino masses are generated via the seesaw mechanism M v = 
-MdM^M^. Here M D and M R are the Dirac neutrino and the right-handed Majorana 
neutrino mass matrices. Note that when we assume the same matrix forms (1) for M D and 
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M R: the effective neutrino mass matrix M v = —M D M R l M D is again given by the same 
texture (1): 

M v = -PiM D M R l M T D P\ = PlM v Pl . (3.1) 

Therefore, we obtain the lepton mixing matrix U 

( _ _ \ 

V C e Sy PyS e Cy O ' y S g 



u = ol PO v = 



SeCy - p u C e S u S e S u + p u C e C u O v C e (3-2) 

y — 0~u s u &u c v Pu J 

where P = P e Pl = diag(e l<5 ^ 1 , e tSv2 , e 15 " 3 ). Hereafter we will again take 5 v i = without 
loss of generality. Note that V = O^PO d , while U = T e PO v , so that all the mixing 
formulae in the lepton sectors are given by the replacement (m u ,m c ,m t ) — > (m e ,m M ,m r ) 
and (m^m^mfc) — > (m„i, m u2 , m v3 ) in those in the quark sectors. However, this does not 
means that the physics in the up-quark (down-quark) sector corresponds to the physics in 
the charged lepton (neutrino) sector. In fact, as we see in Table 1, the parameter values in 
each sector are different from the other. 

We obtain the phase-parameter independent predictions 



U 13 \ s e /m7 \U 31 \ s u \m vX 



\Uts\ c e y m M \U 32 \ c u y m v2 
The neutrino mixing angle 6 atm under the constraint |Am| 3 | 3> |Amf 2 | is given by 

sin 2 2# atm = 4 \U 23 \ 2 \U 33 \ 2 = 4 \p v \ 2 \a v \ 2 c 2 = ^ sin 2 (^ 3 - <M . (3.4) 

m M + m e 

We assume the maximal mixing between and v T , so that we take 5 u3 — 5 u2 = n/2. Then, 
the model predicts 

j npn 

\U 13 \ 2 = f— = 0.00236 , (3.5) 

which is consistent with the constraint |t/i3| 2 xp < 0.03 from the CHOOZ data [3]. The mixing 
angle 6 so i ar is given by 
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4m ul /m u2 
[1 + m u i/m u2 ) 



sm 2 29 solar ^ A\U U \ 2 \U 12 \ 2 * M , (3.6) 



which leads to the relation m u i/m u2 — tan 2 9 so i ar . Therefore, the best fit value [2] 
tan 2 9 so i ar = 0.34 predicts the neutrino mass ratio m v \jm v2 ~ 0.34, so that we can ob- 
tain the neutrino masses 

m vl = 0.0030 eV , m v2 = 0.0088 eV , m v3 = 0.050 eV , (3.7) 

where we have used the best fit values [4,1] of Am 2 olar = 6.9 x 10 -5 eV 2 and Am 2 tm = 
2.5 x 10~ 3 eV 2 . 

We also obtain the averaged neutrino mass (m„) ~ (10~ 3 — 10 -4 ) eV, but the explicit 
value is highly dependent on the value of 5 U = {8 v z + b v2 )j2. At present, we cannot fix the 
value of 5 U . 



IV. CONCLUSION 

In conclusion, stimulated by recent neutrino data, which suggest a nearly bimaximal 
mixing, we have investigated a possibility that all the mass matrices of quarks and leptons 
have the same texture as the neutrino mass matrix. In spite of the assumption of the 
universal texture for all the fermion mass matrices, we can obtain the differences between 
Vquark and Vi ept0 n as follows: (i) the mixing between 1st and 2nd generations is given by 
tan 9 12 = \Jmi/m 2 , so that the well-known empirical relation \ V US \ ~ \jrn&fm s is due to the 
observed mass rations m u /m c <C m^/m s <C 1, and the nearly maximal mixing \V e2 \ ~ l/\/2 
is due to the approximate degeneracy m ul ~ m u2 and the observed mass ratio m e /m^ <C 
1; (ii) the mixing between 2nd and 3rd generations is given by the relation (9) (and the 
corresponding relation in the lepton sector), so that the small value |V^,| ~ 0.04 means 
(5 3 — 5 2 )/2 ~ 0.04 and m u /m c <C 1, and the maximal mixing ^ l/\/2 means <5 3 — 5 2 ~ n/2 
together with m e /m M <C 1. 

The present data in the quark sectors have already fixed the CP violating phase parame- 
ters #3 and 5 2 , while the present neutrino data have yet not fixed the parameter (S U 3 + 5 u2 )/2, 
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although they have fixed the value of (5 v3 — 5 v2 )/2- We hope that future experiments on the 
CP violation will fix our remaining parameter 5 U . Then, we will be able to obtain a clue to 
the origin of our phase parameters 5i (5^). 

Since, in the present model, each mass matrix Mf (i.e. the Yukawa coupling Yf) takes 
different values of the parameters aj, bf, and so on, the present model cannot be embedded 
into a GUT scenario. In spite of such a demerit, however, it is worth while noting that the 
present model can give a unified description of quark and lepton mass matrices with the 
same texture. 
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TABLES 



Table 1. Input values and output values a/, bj and cy. The numerical 
values are given in unit of GeV except for the neutrino sector (in unit of eV). 
The input values are those [9] at /i — mz except for the neutrino sector (for the 
neutrino sector, see the text). 



/ 




Inputs 

m/2 


m /3 


a f 


Outputs 
bf 


~ c f 


u 


0.00233 


0.677 


181 


0.0280 


90.8 


90.2 


d 


0.00469 


0.0934 


3.00 


0.0148 


1.54 


1.46 


e 


0.000487 


0.103 


1.75 


0.00500 


0.924 


0.822 


V 


0.0030 


0.0088 


0.050 


0.0036 


0.028 


0.022 
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